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(54) METHOD FOR DESIGNING ZOOM LENS AND RECORDING MEDIUM FOR RECORDING 
ZOOM LENS DESIGN PROGRAM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently operate zoom lens design suited for the execution by 
a computer under the consideration of manufacture tolerance in addition to optical performance 
such as various aberration. 

SOLUTION: This zoom lens system is constituted of plural lens groups, and the interval of each 
lens group is changed according to zooming or focusing. The values of the plural constituting 
elements are locally changed so that the zoom lens system expressed by those plural 
constituting elements can have desire characteristics, and the minimum value of a merit 
function for evaluating the approach of the value of each constituting element to an optimal 
constituting element value as the whole lens system is calculated so that the optimal 
constituting element value can be obtained in this zoom lens designing method. When the sum 
of tertiary spherical surface aberration coefficients at the edge of the telephoto of the (i)th lens 
group of the zoom lens system is Ii, the sum of tertiary comma aberration coefficients at the 
edge of the telephoto of the (i)th lens group of the zoom lens system is Iii, first weight value is 
w1, second weight value is w2, and arbitrary real numbers are k1, and k2, the merit function 
includes w1 .(&verbar;Ii&verbar;)k2+W2.(&verbar;Iii&verbar;)k2 components. 
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(54) i&wozm x-&u>x&mx&&ifx-&\s>x®m7n?7&&mtvfrwm^ 

(57) [KM] 

AU^X^-C&9, a*<0«fiK»*-C*a**t*«rlBX 

^sfcic^v^c* ittjiBX— au-^x^^ i #gc^u>x 
Sex-jtV^X**)* i »Boi/i/XBoaa»:i8it 

6 3 9c^>3-vlR^«C<7>»Sr III, Sl(D!>x/f hffi 

ctufk 2tu^, una* y * hncktt. wi • d 

I i I ) kl +W2 • ( I I I i I ) k2 (D/&#£^tfo 
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[»!M»#<o«iH] 

TV^d y y hBHfc0>fi/MI 

flriEX- a uyx^oi i « g ©i/yXS<oiS«8i:*3 
its 3^03^®itxH^^:o^p^ I i , 
l|jjf2X-i* i/yXi^ i #g co u^X#0>a»i8K:*5 
tt5 3&o^ifcM^i&o*n£ I I is 

f&2tf>?^ h<l£rW2, 

ftlc^H^^k l*5cfcU*k 2 £ Lfc^t, #115^ 
Wl • ( I I i I ) kl + W2 • ( | I I i | ) k2 

[i&*3®2] nek i&u<k 2n, 

1 ^ k 1 ^ 3 
Uk2l3 

c. t 1 ib«<t>x- 

[ts^3] gtck i#o*k 2«, 

k 1 = 2 
k 2 = 2 

<z>x-Awvxas:§)*£tfco 

[fB*JS4] «aouvx»i^*») % awbs-wx 
#<z>MKl#x— * ^Xf*:?*— # vy^MtSX 

n-^n sris^ i^tzmmmm^^ 

nuiax- a w >-x^<os& itioi/ >-x»(oaa«ic*3 

tt5 3&cD^lfc^&<7)*n£r I I U 
m2<DV^ h<I£W2, 

ffittf>H&£k l*3<fct/k 2 £ «rfB^ U v V 

Wl • ( I I i I ) kl + W2 • ( | 1 I i | ) k2 

o^Sr-&tPw £ ££MSfc£i-3X-i, uvXKtf-^n 



[ft*3S5] ffrf&k i&tfk 2tt, 
1 ^ k 1 ^ 3 
1 Sk 2S3 

<0*fl=*r»fi-r 5 - ^ «r»«i: + 6M*«4 IB«OX- 

k 1 = 2 
k 2 = 2 

oX-AUvXKW-^o^9ASriB«UfelE«ttt(* Q 
[0 o o 1 i 

ow-ittessissrfflv^T^-rsoicaLfcx-Auv 
[0002] 

ffibfcU'VXKtt^SsJ: Lt, ft^TSfc (Steep 
est Decent Method), ^£&Jgfi& 
(Conjugate Gradient Metho 
d) , S'hS^^ (LeastSquares Met 
hod) „ $LMM'b § (Damped Least 
Squares Method, £IT ^DLS&J 

9) ^^btirv^, \s^-rti<DXfeh, U>X(Dft 
*) tLTS^fiS (HI) ^3ft<5ttSr££fT*5. 

[0 0 0 3] ±8©J;5I£, is^XWtVrlzft^bti&X 
fcfctm u^Xo**4MS, BMML XfS©#T^£ 

[0 0 0 4] 

^-^*fflv^tt3fcowvX8S:^jSfeJc*5V^-Cf*, 

<7)^^@^(cuTv^^yh^>, uvx«(o«3a^s:«ia 

T*afflftJia^**"t?*r<A/«^^Xf If --^«r*aC)* 

uvxsftoflStt^faffts. u^u, « 
^co^vtfa— *£/fii^x— a w^xco®:tfJ-*5v>"C 
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f^HllC Ji^flfttf (hand method) Iciot^ 

[0 0 0 5] *»MWt. ±|Bra»C«*T^S*Ufct>0 

ffft 5 r * asx# 5X~ A w>'XRtt-;frfc 
&tfX-AUvXRf^X^^7A£ia®Lfcl^^^ 

[0 0 0 6] 

Id, ^^coX-Ai^XRff^Sfctt:, »©i/yx» 
*^aSH5lW8SX-Aix^X*dS9fao«rttfc^6 

*x— Ai^XRW-^jfeicas^-c, ffrisx— ^u^x 
co u^x»<oaa«ic*5»t * 3 &cQ$raj(x 

^X»0ffilffi»Cj3»t3 3»C03^JRa«*03ftSr I I 
2, tt*ogl*Srk l*5J;U<k 2 Lfc£2\ «rie^ y 

Wl • ( I I i I ) kl + W2 • ( | I I i | ) k2 

[0007] *»wox-Au^xga:«-^r«fe-e 

tt, ±IBk 1 t k 2 SrTlEO*^, 

lSkU3 

1 ^k 2^3 



[0008] ^ss^i*, iiex-Au^XRttsr 

[0 0 0 9] 

-crph-s. **w<ox-Aix>xia:«-*fert[ % &&<n 

FHftoS/htt^jftfeS^OUvXRtt-^ffilc 

[ooio] *1\ ttSWDSLtfcic^ai^XRtt*' 
[ooi i ] ds L&-ei*y y * hMfctttK^ 

[0 0 12] ±|B* V y hi8«<a«/h«&#fc*fc«> 
^/5Xb = 0 (b=l, 2, • • n) & 

[0 0 13] rr-C, f attX^XttRSfcHU fa 
= w a ( f R a - f I a ) "C3t**n<5. fc*?U w a 

(DWmm. f I att«a#BOJR^OB««-e*>5 0 * 
fc*R^f RattRtM^*— * — XI, X2, • • 

ML »«r*ft^«>R«-^9^-^, X b o ttRtfottj» 
jft-eoRH-/*9*— Dtt^fcT^X^r***-**, 

-**SRW-HI*&o«[ (fljfflffi) d^KittSOSraSJcR 

[0 0 14] a>d>3* y S> hB8»0tC*3Vvr, RtHtilB 
^i&»T?tt#iR^ttdSRW-^9^-^«>»jeB8*i UT 
jfi^T^So Z<Dti$>. 3 0/aXb = O^tt, Xb 

ffl v > s r * -emmfri&a ic n?r t # 5 . 

[0 0 15] *»WO***«^*»*»SX— Al/ 

^XR«-*jfe|coV^TRMi-5. *mMMm<D* V >y h 
H»0tt»c* (l) , 



[0 0 16] I i fiX-AU>-X^co^ i #g 



(1) 

:^m<Dij^fqT^ 19 x I I i ttX- 
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VXifcfttfcj <#tfrfflJK, 1 9 7 2¥) KHP&SiXT^ 

So w i*5<fctfw2tt, *ix-pn*ffiiRSSflHBt*i, 
i/yXSr*iJt6U^XS«)*t*S. k 1 *J J: 

I0017] *sifc^«ox-Au^xaa:ff*fe«:*ra& 
k i = k 2 = 2 t-rz>(Di)K *mw<Dis>x&nif 

[0018] V^<< h w 1 , w 2 SraW^KJEi- 

(i) ^-e^ft^tbfc^ v v vm^m^x\y> 

AY (E c) =-E c/2 a* 



[ooi9] ftic, aa*«c*5v^r*u>x»-c^-r 

[0 0 2 0] u^XSitco^lc. *t>tttB#ftldR«H- 
— «icuvX®S^^>XS¥^{i^-c*?So - 
(D?h. *>S^^Xprt^jottSu-vXffi<7D{S^;« x u 
>>Xi*&»fi^SI$:JKL< fIL, £<bl^>X$M*lc 

^ X-A u^XcD^Kte, ^^^XpcDf^RI^X- 
^V^Xtt^-^i^^^t^SAc&l::. U>X 

^frv$>£;tf*#&^-CibSo rco/c^lcU'^Xp^Sco 

[00 2 1]*t fcSWVXp^iiSLfcitOilX^ 

UTfcSo 
[0 0 2 2] 

mi] 

{ ( A E) c + tan 2 «) [3 (VE1) c 



- (V E 2 ) c] + 2 R t a n co [ 3 c o s 0 R (I I IE) c 
+ cos0R (PE) c] +R 2 (2+cos20R) 
• (2 I 1 E) c } (2) 

(AE) c=— 2 (a* c — ac) 

(VE1) c= {a 1 cVR-ac (Vc+VR) } 

- {Aa* cIIIR-Aac ( I I I c + I I I R) } 
(V E 2 ) c=Aa' cPR-Aac (Pc+PR) 

(I I IE) c={a' cIIIR-ac ( I I I c + I I I R) } 
- {Aa* cIIR-Aac ( I I c + I I R) } 
(PE) c=a' cPR-ac (Pc + PR) 
(II E) c={a* cIIR-ac (IIc + IIR)} 

- {Aa* cIR-Aac ( I c + I R) } (3) 



[0023] EcfiWi/yx^^7h^l 
<ft s RttWttffl£¥ffi±T*^AIttt^* *RI*4MM«I 

c fi^iaf6^j»<^«^ix^Xp^^tc:*sJtS»SLffi 

s&»^s ic iic, iiic, pc, vc nm 

Sl^X«<0 3&lfc^#?P, I R, IIR, III 
R, PR, VRttfiS«^>X»J;iJ«*O^^X»C0 3 

[0 0 2 4] (AE) c, (VE1) c, ( V E 2 ) 

c ( i i i e) c, (pe) c, ( i i e) cnmfc 



(AE) c :^yXAM (now-wo 

(VE 1) c, (VE 2) c : 

(I I IE) c, (PE) c :fftffiO«iX, *±*^IR 
( I I E) c : fiM>=»-rlR* 

[0 0 2 5] (AE) cCi^/yXAM 

*5<fctf(VEl) c, ( V E 2 ) c\££Zffi>i?mm*& 
<offi.®M\c\%&WVt^\ (I I IE) c, (P 

E) ctciS^@o^jn, «±*^iRI6«>»»tt, ffift 

IE) c^n^^lfc^te, ftffecDafi^^ 
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[oo2 6] #*5, m&i&m&MisxvznmmJjmK 

(0*tf-Xhy;*7 Fd-^^^ 1 990^) 
[0 0 2 7] «S3TiR*»jR«:, ilSu>Xpo^S 

v^o (2) Aoft««>iEfblc»«jftEIB«r l 

[0 0 2 8] #*3, ^B5<o^< coX — A ^yX^i:fco 

^ogi^i-fe^o ^(otctb, (i) ^u^y^ h 

[0 0 2 9] *lMii:d^5X-Ai/yX 



l-C^X-A^-^$rffiS-r-5 e ^ryX2^ tttt 
l^git- K hwi, w2. &ifta:ff 

(omt^wmx^ ftwrnzmfe-tZo &»&&mikm&> 

Tcom^\c\t, Ate.m\*tt 

^f^X4 -cf£;a LfctT^ia;** b ^ej £ t m 

6\£m*x#btiittsm&mBM-Zo te&Am&tebtt 
aattfcmT. ^f^^^^«^^ ^ X2cio, Ktf 

[0 0 3 0] 

x — a is^xiDmmtemo^x t> ft» ««««« r t 
•et ax-A ^vx^tf ^«fesrffitti-a r £ 
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mi] 



KSM<D 


h w 1 , w 2 € K3£ 







^774 * V -y hMftC-3t>TfTfd*t 



1 MEET I 
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